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Effects of interlayer coupling on the dynamic ordering of vortices
in high-T. YBa,Cu;0,_ s/PrBa,Cu3;0,_ s superlattices
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We have fabricated and measured transport properties of Thigh¥Ba,Cu;O;_stg/
{PrBaCu;0,_4(PBCO)}, (n=2, 4, 8 superlattices in order to investigate the effect of interlayer coupling
on the vortex dynamics. The resistive transition was analyzed based on the theory of vortex fluctuations such
as the Kosterlitz-Thouless vortex-antivortex unbinding transition and two-dimensgiidaCoulomb gagCG)
analogy of vortices. We have found out that deviation of the sheet resistance curve from the universal one of
2DCG theory increases as the intervening PBCO layer gets thinner, which can be understood as the result of
a strengthened interlayer coupling. Measurements of current-voltage characteristics revealed further evidences
of the vortex-antivortex unbinding transition. From noise measurements, we observed that the noise power
appeared only in tail parts of resistive transition curves and was strongly dependent on both transport current
and magnetic field, which implies that the vortex motion is the main source of voltage noise in these speci-
mens. The peak value of noise power showed nonmonotonic dependence on the current, while it was sup-
pressed monotonically with increasing field. Maximal noise peak power and the corresponding current value
increased simultaneously as the PBCO layer got thicker. We could understand these behaviors using the
concept of dynamic ordering of vortices, i.e., vortex motion becomes more independent of vortices in other
layers as the interlayer coupling becomes weaker, thereby enhancing the noise power.

I. INTRODUCTION the current density required to bring about the ordering.
As the technology of thin film fabrication developed, it
Due to their inherent materials characteristics such a®ecame possible to make artificial structures having various
high-transition temperature, short-coherence length, large agnisotropy. Thus, by using synthesized HTSC superlattices
isotropy, etc, highF. cuprate superconducto(sTSC's) are W€ can probe the intermediate regime, that is, the regime
well known to have very complicated vortex phasebetween moderately anisotropic YBCO system and ex-
diagrams: In particular, large anisotropy, thought to origi- remely anisotropic Bi-Sr-Ca-Cu-O systéft: Many experi-
nate mainly from the layered crystal structures, gives rise tgnents on the vortex dynamics in these artificial structures

a further complexity in the vortex dynamics. As the anisot.nave been carried out with measurements of typical transport

ropy increases, we should consider the interlayer interactio roperties such as resistivity, 'cu.rrent-voltage character istics,
Py Y eﬁ(all effect, etct*> 1 Although it is well known that noise

between vortices in different layers as well as the in-plan : .
: . ) . : measurement can enhance our understanding of dynamical
interaction. Thus, HTSC’s have been investigated exten- .
. . ) oo . systems, there has not been done much systematic study on
sively from the viewpoint of the phase transition in a quasi-
two-dimensional(2D) system. In an extreme 2D case, the
superconducting transition can ?e described by the famoyg;sed ‘on the measurement of noise properties related
Kosterlitz-Thouless (KT) theory® Evidences of vortex- i, the vortex motion in a series of HTSC
antivortex unbinding tranS|.t|on behavior have been Observeq,BCO/PrBEthbO7_5(PBCO) superlattices with different
by many research groups in YBaL50; 5 (YBCO) systeni  modulations. The noise peak power showed a nonmonotonic
as well as in bismuthatéérom the early stage of HTSC era. dependence on the transport current in a given system, while
As more and more research efforts were made, it turned oyt decreased monotonously with increasing magnetic field.
that a better understanding of these phenomena requirgge also observed that the maximal noise peak power and the
more stringent treatment of these systems including the ineorresponding current value simultaneously increased with
terlayer coupling. Thus, recently the role played by the interthe decrease of coupling strength. We could understand these
layer coupling has been intensively studied. For examplebehaviors by considering a dynamic ordering of vortices.
Wan et al® observed a sequential transition due to the inter-
layer coupling and KT unbinding of vortex-antivortex pairs
from the measurement of zero-field resistive transition of Bi-
2212 single crystals. More recently, Hellerqvistal® re- We have grown superlattice thin films by dc magnetron
ported on the dynamic ordering induced by the transport cursputtering with compound targets. The detailed process is
rent in 2D amorphous MeGe,; films. They found out that depicted elsewher¥.Briefly describing, the deposition tem-
the ordering occurs when the current suppresses the pinningerature was about 750 °C and the partial pressures of Ar
potential sufficiently and that stiffening of the lattice by in- and G gases were 60 mTorr for YBCO, 40 mTorr for
creasing either the film thickness or the applied field reduce®BCO, respectively. Firstly, 200 A-thick PBCO was depos-

the noise properties of a vortex system in HTSC superlattices
with varying coupling strengtff So, in this study, we

IIl. EXPERIMENT
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ited as a template layer. Each of YBCO and PBCO layers B S . L

with desired thickness was deposited by rotating the sub- 0915 By A
strate heater block to each sputter gun and subsequently sput- F 1.0 P AAAAT,Z‘;?,}
tering for a predetermined time. This process was repeated o6losl 7 g2
10 - 15 times. The terminating layer was always 100 A-thick 0.0 - 2agg00s

PBCO layer to passivate the whole structure. Superlattice
modulations were such as (YBCE)PBCO), with n equal

to 2, 4, and 8. After the deposition finished, films wéme

situ annealed at about 450 °C under the oxygen atmosphere
of 600 Torr for about an hour.

From the x-ray diffraction analysis, we could not observe
any peak other than (0ppeaks and satellite peaks on both
sides of them, indicating eraxis texturing. Calculated-axis
lattice parameter was 11.7 A, in agreement with the reported
value. Satellite peaks were ascribed to the superlattice modu-
lation, whose wavelength calculated from the separation of
satellite peaks was in accordance with the expected value.
From the atomic force microscopy analysis of single-layer
films, we found out that PBCO layer grows more smoothly
compared to other layers with the rms roughness of about 5
Ain4 pumx4um area, which is an extremely small value.

It was about 30 A for YBCO layer of equal size. As can be
expected from these rms values, the thicker the intervening Temperature (K)

PBCO layer becomes, the better the surface smoothness. The

rms value of (YBCO)/(PBCO) in an equal area is about 8  FIG. 1. Temperature dependence of the resistivity of
A, which is comparable to that of PBCO. (YBCO)g/(PBCO), superlattices. Resistivity is calculated from the

For the measurement of transport properties of superlafheasured resistance data using the relgiiefRwd|, wherew,d,|
tice thin films, we patterned them into a Hall bar geometryiS the width, thlckness, and length oflthe sample. Curve(a)nand.
using techniques of photolithography and ion milling. The (b) are whend is taken as the totgl thickness and the sum of thick-
linewidth was 200um and the distance between voltage "€SSes of YBCO layers, respectively.

leads was 4 mm. To reduce the contact resistance and {Re 1ot thickness of the sample in Figaland the sum of
ensure a unlform_ current flow, we formed contact pads W'ﬂlhicknesses of YBCO layers in Fig(). While the curves in
gold layer covering edges as well as top surfaces. We afjq 1(a) show substantial discrepancies, they come closer to
fcached lead wires using an !nd|um soldering or a wire bondgch other in Fig. (b). By simplifying the superlattice struc-
ing. The typical contact resistance was smaller thed &t (e as a parallel resistor modéhlternating YBCO and
temperature belowl;. Transport measurements were donepgco resistors we can calculate the resistivity using the
by the four-probe method. The noise measurements WeIRrm, d/p=dy/py+dp/pp, wheredy (dp) and py (pp)
performed by the standard lock-in technique using an EG&G,g the thickness and the resistivity of YBGBBCO) layer,
model 5302 lock-in amplifier of Princeton Applied Researchyegpectively. Resultant resistivity curves fall between those
in the noise mode. A bias current was applied by a homey, rig 1(a) ‘and in Fig. 1b). If the interface does not play a
made Dbattery current source to exclude any external noisgqnificant role in the electrical conduction, these curves
due to ac sources. The frequency of lock-in amplifier was sedpqyid come closer to those in Figblthan to those in Fig.
at 17 Hz in this study to avoid any existing harmonics andy ) since the transport current will flow dominantly along
subhamonics of t_he 60-Hz noise. A further information onihe YBCO layers instead of along the semiconducting PBCO
the vortex dynamics may be obtained by the measurement @hyers Thus, we can conjecture that the interface layer con-
noise power spectrum, which will be a future extension Ofyih tes some portion to the electrical conduction through the
current study. We measured noise as a function of temperacattering of charge carriers or intermixing of YBCO and
ture, depending on the transport current and the magnetisgco Jayers, or any others. This is not in accordance with
field. The applied transport current ranges from A& t0 1 he result of Wanget all8
mA. External magnetic field was applied perpendicularly to |, the superconducting transition region, resistivity curves
both the current and the film plane up to 160 G using arnyf three specimens show almost the same behavior. That is,
electromagnet. transition onset temperature3 (,,) are nearly equal, i.e.,
about 85 K, although the zero-resistance temperature scatters
IIl. RESISTIVE TRANSITION a little. Assuming that the overall electrical transport in thg
three samples might be due to the same mechanism, we tried
Temperature dependence of the resistivity is plotted irto explain the resistive transition using a single unified
Fig. 1. The electrical conductivity shows metallic but some-model. To begin with, smoothing of a resistivity curve
what disordered behavior in the normal states. This implie&roundT, ,, is reminiscent of the conductance enhancement
that there might exist some defects such as the mixing bedue to fluctuations in the amplitude of order parameter,
tween YBCO and PBCO layers. To clarify the origin, we which was described well by Aslamazov and LarkinThe
calculated resistivity using the form=Rwd/|, whered is  theoretical form is given as

0 100 200 300,

Resistivity (mQ cm)
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£ FIG. 3. Scaling of the sheet resistance by the two-dimensional
9t 7 Coulomb gas model. Curves (a) are obtained by usingxr values
) . ) from the KT fitting, and in(b) by taking Tkt and T, as free pa-
0 1 2 3 rameters. We can see that the latter gives better results.
1/2
T, Thus, we can write the flux-flow resistance as

FIG. 2. Fitting of the sheet resistance (@ the conductance
fluctuation model by Aslamazov-Larkin ang) the form R/R, RZZngb(N++ N)RHZZWRHGX[{ —-21\/b ,
~exd —2(b7)*?], which is predicted by the combination of the 3)
Kosterlitz-Thouless theory and Bardeen-Stephen flux-flow model.
In (a) we can see that the fitting is rather satisfactory and gives gyhere R, is the normal state resistande,s a constant of
nearly identical fitting parameter dt, i.e., ~79 Kandin(b)the  order unity, and¢,;=12 A is the coherence length along
solid lines denote the well-fitted ranges. the a-b plane. UsingR, and T, values obtained from the
above resistance fitting to conductance fluctuations, we tried
E - i + ; (1 o fit the sheet resistance to H®), taking Txr andb as free
R Ry Ro(T/Te—1) parameters. The results are displayed in Fidp).2We can

whereR, is the normal state sheet resistanBg= 16%/e? see that fitting is good only in the limited temperature range
—6.58% 104 Q/0J, andT, is the BCS mean-fieléj transition N€ar the zero-resistance temperature. Well-fitted temperature
temperature. Instead ofcusing the predicted valuRgfwe range differs from sample to sample and is indicated by solid

L - traight lines.
performed two-parameter fitting by varying bd® andT . S _ o .
Figure Za) shows the sheet resistance fitted to Eqg. Lin- .N;)t:jng tr;e t::mtltatlor_\ tOf the KTd. ttheoryb er:jnhager;h
ear extrapolation from both sides of the transition gives birth[,)o'n e N ?u” K at Iffs's ance lpref Iction ~ base t_on the
to T.o of 79 K, which highly deviates from the value of 85 K asymptotic: Rosteriiiz renormaiization-group equations 1s
(See Table 1. valid only over a small temperature interval compared to the

As for the mechanism of resistance curve broadening W(‘-f*"idth of the resistive transitioff.”” He developed a univer-
conjectured that flux flow due to the unbinding of vortéx- sal scaling theory for the resistance of a 2D superconductor,

antivortex pairs might be a relevant one. According to thetarting from the analogy between 2D Coulomb gas and vor-

KT theory? pre-formed vortex-antivortex pairs start to dis- tices tm a 2Dhsulpc)jelr)condu::tgr.bAccordllng tolt[ns theo;y, the
sociate by thermal fluctuations at the KT transition tempera_resstanc)e(_s_ro# _$ SC7$ _){raTunlveTrf]a emperature pa-
ture, Ter. These free vortices will generate dissipation @Meer 2= (Teo=Tr)/(Teo—T) Ticr - us, we again

aboveT,; when acted on by the transport current. Neglect-t”ed another fitting of normalized sheet resistance. The re-

ing the pinning, the resistance due to a free-flux motion isSUItS are shown in Fig. 3. Figures is the result obtained

- using parameters from the previous fittings and Fig) By
given by the Bardeen-Stephen thedhOn the other hand, .
according to Helperin and Nelstinthe temperature depen- taking Tyr and T, as free parameters. We can see that the

dence of free vortexantivortex density,N, (N_), is given scaling is more sa_ltl_sfactory when we ta.k@T gnd Teo as
by free parameters. Fitting parameters are given in Table I. In an

ideal case of a strictly 2D superconductor, the curves should
1 F{ TCO_T} converge to a single universal cur¥fawhich is displayed as
N,=N_~—exg —2\/b . (2) a continuous line in the figure. A slight deviation in the fig-
2 ure indicates that these specimens do not behave as a strictly

Teo— T
T Tur
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TABLE I. Characteristic parameters of (YBCE)PBCO), superlattice sampled. o, is the onset tem-
perature estimated from the linear extrapolation from both sides of the transitioii agd is the zero-
resistance temperatur&,g is the BCS mean-field transition temperature vﬂ'@fg obtained from the fitting
using the Aslamazov-Larkin theory of conductance fluctuafidhfrom the universal scaling of Minnhagen,
and Ty from | —V curves.Tyy is the Kosterlitz-Thouless transition temperature Wifff obtained from the
flux-flow resistance fittingT ey from | —V curves, andri; from the universal scaling of resistand®,s are
the normal state sheet resistances Bgglare fitting parameters to the conductance fluctuation mbdekthe

parameter of order unity in the KT fitting.

(YBCO)g/(PBCO), (YBCO)g/(PBCO), (YBCO)g/(PBCO)
Te on(K) 84.6 84.8 84.5
T2 (K) 78.5 79.2 80.5
™ (K) 79.5 79.8 78.5
Th(K) 62.5 59.1 65.3
Te zerd K) 59.9 59.8 64.1
TRH(K) 57.3 56.5 62.2
Tir(K) 58.4 56.2 62.2
TVH(K) 56.4 58.8 62.2
R,(Q/0) 27.00 39.45 39.50
Ro(Q/00) 1350 2250 2250
b 3.71 6.48 4.64

2D superconductor. We conjecture that the interlayer couentz force acts oppositely on each partner of a pair. Fébry
pling might play a role, thus we should take these systems aal.?* argued that this threshold current could be estimated by
quasi-2D superconductors. In fact, a closer look at F{g) 3
shows that the deviation increases as the intervening PBCO 2eK(lyy) KT

. . . . wW/RB
layer gets thinner. Therefore, the dynamics of vortices in our Ith=T, (5)
specimens can be understood only if we take into account the

effect of interlayer coupling as well as the intervortex inter- . . _
action and the vortex-pinning potential interaction. whereK(l) is the Kosterlitz-Thouless reduced stiffness con-

stant, and y=In(W/&.,9 is an experimental length param-
eter for a sample of widthV and vortex-core Siz&€.,.. By
taking £.oe~12 A, the in-plane Ginzburg-Landau coher-
Another feature of vortex unbinding transition is a univer- ence length af v+, andW=200 um in our case, we get
sal jump of exponent in current-voltagé-V) characteris- |,,~12.0. ApproximatingK(l) at largel by K(I)=~(1/7)(2
tics. According to the KT theory,—V curves at tempera- +1~1) (valid at T=Tyy), we obtainl,~1.67 uA for our
tures lower tham « show a power-law behavior of the form samples. This value is larger by one order of magnitude than
V~11* 7K Here, afT=Tyy the reduced Kosterlitz-Thouless that of Garlancet al’s estimatioR® in composites of indium

IV. CURRENT-VOLTAGE CHARACTERISTICS

stiffness constari is given by and indium oxide. In our case, the nonlinearity appears when
the current exceeds the valuel uA at T=60 K in Fig.
2 whzng 4(a), in agreement with the estimated value. Thus, we can
K=—= AN KT e (4 confirm that this simple estimation of the threshold current
m*KgTkrec

further corroborates the vortex-unbinding picture. Figure 5
wherem* is the effective mass of carriensg is an unrenor-  shows the temperature dependence of the expondnt W\
malized 2D superfluid carrier density, arglis an effective  curves in the low-current limit. Although the appearance of
dielectric constant representing the screening strength bewmiversal jump is not clear, the curves show some evidences
tween vortex pairs. Thus, it follows that the exponent ofof the involvement of vortex fluctuations. We identify the
power-law| —V curves should show an abrupt jump down temperature where the exponent becomes 3 as the KT tran-
from 3 to 1 with increasing temperature. sition temperatureT ¢ obtained from this scheme is com-

| —V curves at around and beldTy, are plotted in a loga- pared with those from the resistance fitting in Table I. We
rithmic scale in Fig. 4. We can see that three data sets arean see that they are consistent with each other. Outside the
quite similar qualitatively with only a slight difference in critical region belowTy, the superfluid density varies lin-
detail. Whilel —V curves are linear in the high-temperature early to the reduced temperature s~ 1—T/T,. So, we
region, at low temperature there appears a nonlinear part iconjecture that it can be possible to estinibgg by extrapo-
the high-current limit. This part becomes longer with de-lating the linear region down to27K(T.)=1, as in the
creasing temperature as the linear region shrinks nearly teeports by Kadiret al?® and Garlancet al?® The estimated
zero at a certain temperature. This phenomenon can be umalues ofT, are 62.5, 59.1, and 65.3 K, respectively. These
derstood by the fact that besides the thermal unbindinglo not agree with those obtained from the resistance curves.
vortex-antivortex pairs can also be dissociated by the transA/e consider that these deviations may be related to the in-
port current larger than the threshold orng)(since the Lor- terlayer coupling.
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] We can observe a jump down of the exponent as the temperature is
ot ol increased. The temperature where the exponent becomes 3 is iden-
] T § | tified as the Kosterlitz-Thouless transition temperat
-8 R 58.5 K perature.
I 62.5 {_62.0 1
-8 -7 6 -5 4 3 -2 -1 our three specimens that the noise peak becomes broad and
stronger up to a certain critical current, which we denote as
log (| (amperes) ) lp, but it gets weaker abovk,. The noise power was not

o enhanced for a current larger than a second critical one,
FIG. 4. Current-voltage characteristics of (YBGDIPBCO),  \yhich we designate dg. For the qualitative explanation of

superlattices. Each curve was obtained at constant temperatures. ny PR : ot
s, to begin with, recall that we could describe the resistive
(&), n=2 and temperatures are 64.9, 62.9, 60.6, 59.6, 58.9, 58.4, 9

57.7, 57.0, 56.5, 56.0, 54.9, and 53.1 &4 in (b) and they are

64.2, 61.4, 59.8, 59.1, 58.2, 57.7, 57.4, 56.8, 56.2, 55.6, 55.0, 54.3, 9 T T T T
53.3, 52.1, and 50.8 K. Ifc), n=8 and they are 67.7, 66.6, 65.6, - (a) H-o0a
65.0, 64.5, 64.0, 63.5, 63.0, 62.5, 62.0, 61.7, 60.9, 59.8, and 58.5 K.

V. NOISE PROPERTIES

Noise measurements can enhance our understanding for
the transport phenomena in HTSG%3’ Although much in-
terest for the study of interlayer coupling has been drawn
recently, there have not been many reports on noise measure-
ments related to the vortex dynamics affected by the inter-
layer interaction. To study this effect, we measured the tem-
perature dependence of the noise power spectral density in a
series of HTSC superlattices with varying strength of inter-
layer coupling. In the normal state, we observed no signifi-
cant features except the thermal noise, which is often called
Johnson noise and originates from the fluctuation of sample
resistance.

Figure 6 shows how the noise power evolves in the tran- [ ]
sition regime as the current increases. There are some notice- 222;2 ]
able features common to all the data. Firstly, as the tempera- [ .
ture is lowered, the noise power appears far below 78 K, PR S NP PP BN
where the derivative of resistancelR/dT) is maximal, 55 60 65 70 75 80
which is in contrast with other reports that the noise peak
appears wherd R/d T is maximal?® Thus, we can exclude a Temperature (K)
resistance fluctuation mechanism as a major source of the FiG. 6. Spectral density of the noise power of
noise. In fact, the noise peak appears near the tail part qiyBCO)y/(PBCO), superlattices as a function of temperature
resistance curve. The temperature where the noise power culhen the transport current is varigu=2, 4, and 8 in(a), (b), and
minates does not scatter so much within our experiments. (c), respectively. The pick-up frequency is fixed to 17 Hz and the

As for the current dependence, it is a common behavior iimagnetic field is not applied.

S (107"° V¥Hz)

S (10" V¥/Hz)
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FIG. 7. Current-dependence of the noise peak power in each FIG. 8. Spectral density of the noise power (YBGO)PBCO),
curve in Fig. 6. The noise peak power shows a nonmonotonic besuperlattices as a function of temperature when the magnetic field is
havior. varied.n=2, 4, and 8 in(a), (b), and(c), respectively. The pick-up

frequency is fixed to 17 Hz and the current value is indicated in the
transition and current-voltage characteristics based on thigure.
theories of vortex fluctuation. Vortex unbinding by thermal
fluctuations will occur completely &, when there exists by increasing either the film thickness or the applied field
a mixture of free vortices and antivortices in equilibrium. reduces the current density required to bring out the dynamic
Most of free vortices and antivortices will stay at pinning ordering. We can explain our noise data by a simple analogy.
sites under no applied current. In this case, no noise excepirstly, the superlattice sample can be regarded to have a
the thermal one can be detected. Applying a driving currensmaller anisotropy as the intervening layer gets thinner. This
to the sample, we can move them unless the driving force imleans that vortices will behave as flux lines in
smaller than the pinning force. Because the driving force i{YBCO)g/(PBCO),, while they can be taken as pancakelike
acted on them oppositely, they will move in opposite direc-in (YBCO)g/(PBCO). Therefore, vortices in each YBCO
tions. However, the induced emfs by moving vortices andayer of a superlattice will move more correlatedly as the
antivortices are added in the longitudinal direction, althoughPBCO layer gets thinner. In this case, dynamic ordering can
they are canceled in the transverse component. So, we cée brought about by a rather small current. On the other
expect that the longitudinal voltage drop will be enhanced ithand, if the correlation between vortices in different layers
the current is increased. For a current smaller thanwe  gets weaker, relatively large current is required to induce a
observed an enhancement of noise with increasing currendynamic ordering. Interpreting the noise power in terms of
This can be explained if we think that vortices and antivor-dynamic ordering of vortices, we can consider a one-to-one
tices are moving more randomly until a steady flux flow iscorrespondence between the extent of ordering and noise
established. A current larger thagpwill prevent them from  power. The increase of maximal noise peak power with in-
moving chaotically, so a more or less ordered state isreasing PBCO layer thickness is naturally explained using
achieved. Thus, the noise peak will be suppressed until the above arguments. Namely, large randomness of vortex
saturation is reached &t=14. This phenomenon is summa- motion is expected when the vortex becomes 2D in nature,
rized in Fig. 7, where we plot the noise peak pow8y)(for ~ whence a large noise power is resulted. Another point to
each current value. We can also see that the maximal noisgxplain is the multiple peaks appearing only in
peak power and the corresponding current increases with if-YBCO)g/(PBCO),. We believe the peaks accompanying
creasing PBCO layer thickness. the main one near 65 K might originate from some inhomo-

The dynamics of vortices in a layered superconductor willgeneities in the sample. For example, mixing between
be influenced by the interlayer coupling as well as by theYBCO and PBCO layers in the interface region can give rise
intervortex interaction. In this respect, we noticed Hellergvistto local fluctuations off ..
et al’s reporf on the current-induced ordering of vortices in ~ Now let us turn to the field dependence of the noise
2D Mo;/Geys films. According to them, the ordering occurs power, which is plotted in Fig. 8. In contrast to the current
when the intervortex interaction dominates the disorder podependence, we found out that the noise behavior with a
tential. They also argued that stiffening of the vortex latticemagnetic field shows a monotonous trend, i.e., the noise
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monotonously as the magnetic fieldence the vortex den-
sity) is increased. Then, vortices will move collectively
rather than independently. As a result, the dynamic ordering
could be established more easily than in the case of an inde-
pendent motion. Thus, we can expect that noise will be sup-
pressed for a given current if the magnetic field is increased,
as is evident in Fig. 9.

The suppression rate of noise peak power may be related
to the interlayer coupling strength and is different depending
on it. We tried to estimate it by fitting the data to a functional
form of Sy(H)=Sy(Ho/H)*, and the results are shown in
the insets of Fig. 9. The exponent, is 0.24(for the main
peak, 0.5, and 0.42 for n=2, 4, and 8 in
(YBCO)g/(PBCO),. A noticeable feature for
(YBCO)g/(PBCO), sample is thatx decreases linearly as
we move to the peak at a higher temperature. This implies
that the noise suppressions may be due to different mecha-
nisms, although it may involve the vortex interaction basi-
cally. When the interlayer interaction is strong enough, enti-
ties giving a voltage drophence noisg are flux lines.
Meanwhile, pancake vortices will induce the electromotive
force if the interlayer coupling is weak. In this case, maximal

0 30 60 90 120 noise peak power is resulted when the randomness of pan-

H cake vortex motion is maximized. The suppression rate will
(gauss) be determined by the competition between intervortex inter-

FIG. 9. Field dependence of the noise peak power in each curvgCtlon in the same plane and in different planes. More study,

in Fig. 8. We observe that the noise peak power is suppresse'&i'|CIUding a,SimUIation of vorttex motion, is required for a
monotonically as the field is increased. Inset: fitting of the noiseMOre quantitative understanding.

peak power to a power-law for§,= Sy(Ho/H)*. « differs from
sample to sample. VI. CONCLUSIONS

peaks get suppressed as the field is increased. This is com- Through the measurement of resistivity and current-
mon to all the investigated samples, and clearly visible involtage characteristics in a series of HTSC YBCO/PBCO
Fig. 9, where we plotted the noise peak power versus thguperlattices with varying coupling strength, we have found
magnetic field. In fact, there have been some reports of qut that the superconducting transition could be described by
monotonous decrease of noise subjected to a magnetiortex fluctuation theories considering the interlayer cou-
field 3932 \Voss et al. measured noise of aluminum and tin Pling. Noise measurements revealed that the noise in the
films as a function of current and fief@3' They ascribed the transition region is originated from the vortex motion instead
noise reduction by the magnetic field to the decrease of mea®f conductance fluctuations. The noise peak power showed a
free path, therefore the reduced phase slip giving a suglonmonotonic dependence on the transport current, while it
pressed noise power. decreased monotonously with increasing magnetic field. In
The applied magnetic field increases the total number ofddition, the maximal noise peak power and the correspond-
free vortices and antivortices by reducing the effective KTiNg current increases simultaneously with decreasing inter-
transition temperature, while introducing the fixed differencelayer coupling. We have shown that these behaviors could be
in the number density, i.eN, —N_=B/®,~H/®,. Here, €xplained in terms of dynamic ordering of vortices by taking
recall that we could describe the resistive transition using théto account both the in-plane and interlayer vortex interac-
flux-flow models. Then, as described in the above, these frekons
vortices and antivortices will give rise to the voltage noise in
the longitudinal direction. At first, let us consider the case of
weak interlayer coupling, where we have only to consider
the in-plane interaction, although there are additional inter- This work was supported by the Ministry of Science &
actions between dissociated vortex-antivortex pairs andechnology in Korea. We would like to acknowledge Su-
field-induced vortices as well as the effects of pinning andYoun Lee for the skillful assistance in the photolithography
interlayer coupling. The interaction is expected to increasgrocess.
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